The parenchyma of the liver and pancreas is derived from the endoderm, whereas the stroma is derived from the mesoderm. Both of them are derived from the endoderm of the foregut as the esophagus, stomach, and a part of duodenum. At the 3 rd -4 th of development, the liver, gallbladder and bile ducts become diverticulum hepaticum that is derived from the caudal portion of the foregut. There were inductive effects of septum transversum and cardiac mesoderm for the development of liver diverticulum. The pancreas arise from the endoderm of the foregut. The pancreas is derived from the fusion of the ventral and dorsal pancreas bulbs, which arise from the endoderm of the duodenum. The inductive effects of the notochord and dorsal aorta play a role in the development of the pancreas. In this manuscript, we attempted to review the morphological and functional development of the liver and pancreas with the aid of pictures obtained from various stages of prenatal and postnatal development in the organs of rats.
Liver Development
The parenchyma of the liver originates from the endoderm and its stroma originates from the mesoderm. The liver, gall bladder, and bile ducts begin to develop from the caudal part of the anterior intestine, "diverticulum hepaticum," at the middle of the 3 rd week and at the beginning of the 4 th week (1) (2) (3) . It has been shown that the simple cuboidal endodermal epithelium transforms into a pseudostratified columnar epithelium to form the liver diverticulum in this developmental period, which corresponds to the intrauterine 8. [5] [6] [7] [8] [9] th day in mice (4) . It was observed that the basal lamina limiting the hepatic endoderm was destroyed and hepatoblasts started to migrate into the septum transversum mesenchyme on the intrauterine 9.0-9.5 th day (4, 5) . For this event, of course, there is a need for various transcription factors and signals from the endothelial cells (6) . This intrinsic hepatic potential of the anterior intestine may be attributed to FOXA2, GATA4-6, and HHEX transcription factors, which play crucial roles in the early organogenesis of this part of the intestinal tract (7, 8) . As a matter of fact, it has been shown that FOXA1 and FOXA2 deletion inhibit the liver growth from the anterior intestine in the early period (9) . In humans, the liver diverticulum was first observed on the 22 nd -24 th days after ovulation (10) . While the liver and intrahepatic bile ducts develop from the anterior part of the liver diverticulum, the gall bladder and extrahepatic bile ducts develop from the posterior part (6) .
The hepatic diverticulum grows into the septum transversum, which is a splanchnic mesodermal mass extending between the heart anlage and the mesentery (1) (2) (3) . The septum transversum mesoderm is known to support the growth of the liver bud (11) (12) (13) (14) . Bone morphogenetic protein (BMP), which is expressed in the connective tissue of the septum transversum, plays a very important role in liver development. The liver bud does not develop in mice without BMP-4 (15) . Endoderm cells are characterized by stimulating signals and genetic regulatory factors. The fibroblast growth factor (FGF) originating from the cardiac mesoderm and the BMPs originating from the septum transversum are very important for hepatic induction (10, 15, 16) . Indeed, studies carried out on zebrafish, chicks, and Xenopus have shown that both BMP and FGF signals are important for liver differentiation (17, 18) .
The larger cranial part of the diverticulum hepaticum is called as the "primordium hepaticum" (1, 19, 20) . It has been shown that Wnt13 expressed from the cardiogenic mesoderm in mice and the frizzled-related protein 5, which acts as a Wnt inhibitor, regulate the development of liver primordium along with mutually stimulating and repressive effects (15) . When the cardiac mesoderm is removed in mice or when the FGF or BMP signaling pathways are blocked, the liver does not develop (7, 21, 22) . Exogenously administered FGF 1 and 2 act as cardiac mesoderm and provide the albumin expression in the endoderm cultures of the anterior intestine (10). It is not known whether the proximity or the duration of the interaction between the endoderm of the anterior intestine and the cardiac mesoderm affects the dose of FGF. This event may partially be regulated by the HHEX homeobox genes that regulate the proliferation of endoderm of the anterior intestine and the activation of the epithelium with respect to the cardiac mesoderm that produces FGF during development (23) . As a matter of fact, HHEX, which is initially expressed from the ventral foregut endoderm in mice, increases in the hepatic endoderm as of the 8.5
th day and continues to remain in the hepatocellular cell lines throughout the entire developmental period (24, 25) . In the accompaniment of appropriate signals, the hepatic diverticulum is transformed into hepatoblasts organized as cell cords. Hepatoblasts express many genes specific to hepatocytes, but it is difficult to recognize them cytologically in this period. With the effect of Notch signals and other regulatory proteins, hepatoblasts are transformed into hepatocytes, bile ductules, and hepatic ducts (15) . It has been shown that hepatoblasts and septum transversum mesenchyme express various matrix metalloproteinases (MMPs) on the embryonic 9.5 th day in mice. The inhibition of MMP activity in culture inhibits hepatoblast migration (5) . The transformation of hepatoblasts into hepatocytes or biliary epithelial cells is also under the influence of a series of regulatory factors. This transformation has been shown to take place around the 13 th day in mice. While the genes of hepatocytes, bile duct epithelial cells, and fetal liver are expressed in hepatoblasts at the beginning of the transformation process, the genes of the type into which the cell will transform are expressed in the forthcoming stages. It has been demonstrated that the hepatoblasts contacting the portal vein transform into bile duct epithelial cells and those that do not contact the portal vein transform into hepatocytes in mice. On the 17 th day, it was observed that hepatocytes were arranged in rows as that in the adult liver and that the bile canaliculus existed among them (6) . TGFβ, Wnt, and Notch signals originating from the periportal mesenchyme stimulate the development of the bile duct epithelium (26) (27) (28) . HHEX, OC1, and OC2 hepatobiliary cell lines have been shown to separate from each other and stimulate the differentiation toward early bile duct epithelium in the [13] [14] [15] th day in mice. It is likely that OC1 and OC2 are effective by partially controlling the responses that hepatoblasts give to TGFβ signals (29) .
The liver cell cords travel through the septum transversum and meet the vitelline and umbilical veins. These vessels that are lined with the endothelium and are between the cell cords form the anlages of liver sinusoids (1-3, 11, 19, 20) . In the intrauterine 6-7 th week, hematopoietic precursor cells and large blood vessels are seen among smooth-shaped polygonal hepatocyte groups (30) . Hematopoietic stem cells of the liver originate initially from the wall of the yolk sac, then from the aortic, gonadal, and mesonephric regions (15) . Hepatocyte groups give place to cell lines in the intrauterine 7-8 th week. During the 9 th week, hemopoietic cell islands are explicit and intrahepatic vessels contract. Hemopoietic cells increase in the intrauterine 10 th week (30) . It has been demonstrated in rats that in the intrauterine [10] [11] [12] [13] [14] [15] th day, the liver bud grows rapidly and becomes well vascularized: thereafter, it turns into the most important blood-forming organ during fetal life after being filled with hematopoietic cells. The paracrine signals originating from hepatic enzymes as well as the genes originating from hepatoblasts have regulatory effects in this growth (6) . Following the appearance of bloodforming findings in humans, hepatocytes around the portal area change and begin to form the bile ducts (30) . On the intrauterine 26 th day, an endodermal thickening appears in the ventral wall of the duodenum at the base of the hepatic diverticulum, budding toward the ventral mesentery. This area called the cystic diverticulum will form the bile duct and cystic channel. The cells at the junction of the hepatic and cystic channels reproduce to form the main bile duct. The cystic channel, therefore, moves away from the duodenum. In fact, the bile duct and the cystic channel originate from different cell populations of the duodenum (15) .
During embryonic and fetal development, hepatocytes proliferate mainly by the effect of an autocrine mechanism. After birth, this proliferation decreases with time. Factors such as endothelial growth factor and hepatocyte growth factor are required for the migration and proliferation of hepatocytes during this period (15) . The liver cell cords are initially in the form of cell assemblies that anastomose with each other. They are then restricted by the mesenchyme in small cell groups that form the lobules. There are small veins of portal circulation around the lobules. V. centralis that drains into v. hepatica through the collector veins is formed in the middle of the lobules (20) . While this typical structure of the liver is formed, the mesoderm of the septum transversum divides the liver into lobes and lobules by making the connective tissue parts of the organ (31) . The development of the lobes is initially symmetric. As the development progresses, the growth of the right-lobe accelerates (1, 19, 20) . It becomes difficult for the left lobe to find empty space due to the developing stomach. Some epithelial cell cords that form here in the early stages of development may lose their connection with the main buds because of the development of the stomach. Therefore, atrophied bile ducts may be encountered in the mesohepaticum laterale. These are called "vasa aberrnatia" (20) .
Supportive stromal tissue of the liver develops from the septum transversum and from the splanchnic mesoderm around the stomach (15) . The hematopoietic tissue of the liver and Kupffer cells also originate from the septum transversum mesenchyme (1, 2, 7, 11, 19) . In humans, primitive sinusoidlike structures are seen between the liver cell cords in the 5 th week of gestation. Hepatic sinusoids completely develop in the intrauterine 6-8 th week. During this period, cells similar to the Kupffer cells are observed between the hepatocyte cords (32) . Kupffer cells, which are few in the early intrauterine period, increase during pregnancy and almost reach the levels of an adult in the neonatal period (33) .
The rapidly growing liver covers most of the abdominal cavity between the 5 th and 10 th week. In the 9 th week, it constitutes approximately 10% of the total fetal weight (1, 2, 11, 19, 20, 31) . This is related to the fact that the liver is a hemopoietic organ during fetal life. The amount of oxygenated blood that flows through the v. umbilicalis into the liver determines the developmental and functional segmentation of the liver. Liver development is very rapid in comparison to the other organs. At birth, it covers half of the abdominal cavity, on average (20) . The first function of the liver is hematopoiesis, which continues in the 1 st and 5-7 th months in human beings (13) . This function gradually decreases until the last two months of pregnancy and several hematopoietic cell islands remain at birth (19). Biliary formation by the liver cells begins in the 12 th week (1, 2, 11, 19, 31) . Liver development continues for 6-12 months after birth and the liver of a child aged 1 year reaches the function level of the liver in an adult. 
Pancreas Development
The pancreas develops from the caudal part of the foregut, i.e., from the dorsal and ventral pancreatic buds originating from the duodenum (2, 3, 11, 19, 20, 31) . The region where the pancreas develops in human beings is between the 3 rd and 9 th somites (34) . It has been shown that the development of the dorsal pancreas bud from the foregut endoderm is affected by the adjacent notochord (35, 36) , as well as the signals coming from the dorsal aorta and other vessels (37, 38) . In human embryos, the dorsal foregut epithelium, which is a single line in the 4-12 somite period, was found to be close to the notochord (39) . In mice and chicks, it has been shown that the dorsal aorta induces pancreatic development, particularly the insulin expression of the dorsal pancreatic endoderm (37) . While the dorsal and ventral pancreas buds initially extend in opposite directions, the ventral pancreas bud rotates with the duodenum and settles under the dorsal pancreas bud (1-3, 11, 19 ). Between the postcoital 26 th and 35 th day, ventral and dorsal pancreas buds exist separately in human beings (40) . The unification of these buds occurs between the postcoital 37 th and 42 nd day in human beings (41) . The ventral pancreatic bud forms the uncinate extension and the proximal lower part of the pancreatic head. When the pancreas buds fuse, the ducts also fuse with each other. The main pancreatic duct (Wirsung duct) consists of the entire duct of the ventral bud and the distal part of the duct of the dorsal bud. The proximal part of the dorsal bud duct remains as the accessory pancreatic duct (Santorini duct) (19, 20) . The main pancreatic duct merges with the ductus choledochus and opens into the major papilla region of the duodenum (1, 3, 11, 19, 20) .
In humans and mice, it has been shown that pancreatic development occurs in successively similar periods, but there are differences between the two species in terms of time. The border of the pancreatic areas and the formation and growth of the pancreatic bud are similar within the ventral and dorsal foregut in both the species. Following these events, separate cell lines are seen to become different (39, 42) .
The sonic hedgehog, homeobox gene Pdx1, and Notch signaling systems are effective in the development of the pancreas (43, 44) . The expression of Pdx1 from the duodenum during development is important in determining where the pancreatic bud will develop (43) . In chick embryos, it has been shown that the adjacent notochord allows the Pdx1 expression, thereby inducing the budding of the dorsal pancreas by deactivating the sonic hedgehog expression coming from the dorsal foregut epithelium (36) . The similar deactivation of the sonic hedgehog expression was also found in the 4-12 somite period of human embryos. The hedgehog expression continues in the thicker pseudostratified epithelium of the ventromedial endoderm, which is adjacent to the lateral mesoderm (39) . The fact that the inhibition of the hedgehog signals also leads to the ectopic appearance of the pancreatic structures in the organs such as the stomach and duodenum (45) indicates that this system also plays a role in determining the area in which the pancreas will develop. It has been shown that Notch signals stimulate exocrine cell differentiation, but suppress endocrine cell differentiation (46) . Follistatin and FGF are also involved in the development of exocrine pancreatic progenitors (47) .
Pancreatic parenchyma is formed by the creation of a tubular network of the endoderm of pancreatic buds. In the early fetal period, acini develop from the cell clusters at the ends of these tubules (1, 3, 11, 19, 20) . All the cell types in the pancreas (endocrine, exocrine, and ductal cells) originate from the same stem cells of the dorsal and ventral endodermal buds (48) . In fact, ductal cells also originate from the same progenitor cells. On the 14 th day of rat development, cells that will form the acinar cell line from the multipotent progenitor cell pool are largely completed (49, 50) . While these cells containing GATA4 are located in the end portions of the pancreatic bud, the cells containing GATA4 and SOX9 settle in the body of the pancreas (51) . During the development of human beings, GATA4-positive nuclei were seen in the nuclei of some of the peripheral cells on the postcoital 45-47 th day. SOX9 was also found in the cells located in the periphery Bezmialem Science 2017; 4: and in the body. After approximately 2.5 weeks, the SOX9 positivity disappeared in most of the GATA4-positive cells; it was thought that the positivity of both the factors was almost completely limited at the postcoital 14 th week and this suggested that the cells containing GATA4 were differentiated into the surrounding SOX9-positive centroacinar cells (39) .
It is very difficult to work on human embryos due to ethical constraints. While the dorsal and ventral pancreas buds are observed separately from the postcoital 30 th to 33 rd day in human beings, pancreatic buds as well as the duodenum to which they are connected show nuclear PDX1 and GATA4 positivity. SOX9 gives strong positivity in pancreas buds and weak positivity in the duodenum. On the postcoital 35-37 th day, the pancreas moves away from the aorta, and PDX1, FOXA2, SOX9, and NKX6.1 positivity is seen in the nuclei of the epithelial cells (39) .
The islets of Langerhans differentiate and diffuse into the organ in the third month of fetal life. The first cellular differentiation in the islets of Langerhans takes place in the 8-9
th week. The first cells formed by this differentiation are alpha and gamma (12) . In the intrauterine [14] [15] [16] th week, the cells that secrete insulin in the islets of Langerhans are located in the middle and the cells that secrete glucagon and somatostatin are located in the periphery. After the intrauterine 24 th week, this order is distorted and the islets begin to resemble adult islets (52) . Fetal β-cell groups in mice appear on the postcoital 10 th day. Interestingly, there is an increase in the NEUROG3-positive cells and NEUROG3 expression in the late embryogenesis period, which is very close to the period in which fetal insulin appears in rats. A 34-fold increase in insulin that was compatible with a 3.6-fold increase in NEUROG3 transcripts was detected on the postcoital 8-8.5 th day, and a 102-fold increase in insulin that was compatible with a 6.1-fold increase in the NEUROG3 transcripts was detected on the postcoital 9-10 th day. In the same period, 140-fold and 648-fold increases in the insulinpositive cells were found in correlation with a 59-and 102-fold increase in the NEUROG3-positive cells, respectively (39) . In humans, insulin secretion begins at the 10 th week and secretion of glucagon begins at the 15 th week (1, 11, 12) . Insulin and glucagon could be detected in the [4] [5] th month of the fetal circulation (12) . Fetal insulin levels are independent of maternal insulin levels (1, 3, 11, 19, 20) . Total pancreatic insulin and glucagon contents also increase along with fetal growth (2, 3) . 
